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(54) CERIUM-ZIRCONIUM COMPOUND METALLIC OXIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cerium- 
zirconium compound oxide having improved durability 
at high temperature and stable OSC (oxygen storage a ^ 
capacity) performance. 

SOLUTION: The cerium-zirconium compound 
metallic oxide has at least 85% of the total mole 
number of Ce and Zr with respect to the whole metal | C 0 L 
mole number in the compound metallic oxide, 1/9 to t-a?- 
9/1 molar ratio of Ce/Zr and over 3.5 isoelectric point . t( , 
of the compound metallic oxide. Preferably the 
compound metallic oxide has 3/7 to 7/3 molar ratio of 
Ce/Zr and 3.8 to 5.0 isoelectric point and contains 
rare earth metals (excluding Ce) by <15 mol% with 
respect to the total metal mole number in the 

material. The cerium- zirconium compound metallic oxide contains Ce02 as nuclei and 
Zr02 present around the nuclei. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 . In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The cerium-zirconium compound metallic oxide which it is a cerium-zirconium compound 
metallic oxide, and the number of sum total mols of Ce and Zr is at least 85% on the basis of the 
total number of metal mols in said compound metallic oxide, and the mole ratios of Ce/Zr are 1 / 9 - 
9/1 , and is characterized by the isoelectric point of said compound metallic oxide exceeding 3.5. 
[Claim 2] The cerium-zirconium compound metallic oxide according to claim 1 said whose 
isoelectric points the mole ratios of said Ce/Zr are 3 / 7 - 7/3, and are 3.8-5.0. 

[Claim 3] The cerium-zirconium compound metallic oxide according to claim 1 or 2 which contains 
a rare earth metal (except for Ce) less than [ 1 5 mol % ] on the basis of the total number of metal 
mols in said compound metallic material. 

[Claim 4] The cerium-zirconium compound metallic oxide which is a cerium-zirconium compound 
metallic oxide, the number of sum total mols of Ce and Zr is at least 85%, uses Ce02 as a nucleus on 
the basis of the total number of metal mols in said compound metallic oxide, and is characterized by 
Zr02 existing in the surroundings of the nucleus. 

[Claim 5] The cerium-zirconium compound metallic oxide according to claim 4 which has the 
diameter said whose nucleus of Ce02 is 5-20nm. 

[Claim 6] The catalyst for exhaust gas purification characterized by noble metals being supported by 
the cerium-zirconium compound metallic oxide given in any 1 term of claims 1-5. 
[Claim 7] The synthetic approach of the cerium-zirconium compound metallic oxide according to 
claim 1 or 4 characterized by drying and calcinating after mixing a ceria sol and a zirconium 
compound solution, or a zirconia sol and preparing suspension. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About a cerium-zirconium compound metallic oxide, this invention is 
divided and relates to the cerium-zirconium compound metallic oxide suitable for being used for an 
internal combustion engine's catalyst for exhaust gas purification as a co-catalyst. 
[0002] 

[Description of the Prior Art] Although nitrogen oxides (NOX), a carbon monoxide (CO), a 
hydrocarbon (HC), etc. are contained in the exhaust gas discharged by internal combustion engines, 
such as car motor, while oxidizing CO and HC, the three way component catalyst which returns 
NOX to 02 can purify such harmful matter. Generally this three way component catalyst supports 
the catalyst component of noble metals, such as platinum (Pt), palladium (Pd), and a rhodium (Rh), 
to the support of oxides, such as gamma-alumina, and is constituted. 

[0003] In order for oxidation of CO and HC and reduction of NOX to advance efficiently in such a 
three way component catalyst, it is required to control an internal combustion engine's air-fuel ratio 
appropriately, and for the specific narrow range to have an exhaust gas presentation. However, it 
may happen to change an exhaust gas presentation to some extent, and to separate from the specific 
narrow range by the time lag of a control system etc., in fact. 

[0004] Here, a cerium-zirconium multiple oxide can produce a valence change trivalent and 
tetravalent in Ce atom contained. And according to the oxidizing atmosphere containing 
comparatively many 02, the oxygen occlusion ability (OSC) of Ce atom producing valence change 
from .trivalent in tetravalence, absorbing oxygen, and Ce atom producing valence change from 
tetravalence in trivalent in the reducing atmosphere containing comparatively many COs and HC, 
and emitting oxygen can be demonstrated. Therefore, if a cerium-zirconium multiple oxide is 
included in the catalyst for exhaust gas purification, fluctuation of an exhaust gas presentation [ / 
near the catalyst component ] is eased, and the above-mentioned exhaust gas purification can be 
advanced more efficiently. 

[0005] In addition, since remarkable generation of heat arises in connection with the oxygen uptake 
of a cerium-zirconium multiple oxide, this generation of heat can be used for warming up of the 
catalyst at the time of engine starting, and the initiation stage of catalytic activity can be brought 
forward For this reason, the cerium-zirconium multiple oxide is used as a co-catalyst of the catalyst 
for exhaust gas purification. There are JP,10-194742,A, JP,6-279027,A, etc. as advanced technology 
of this cerium-zirconium multiple oxide. 
[0006] 

[Problem(s) to be Solved by the Invention] However, generally, when such a cerium-zirconium 
multiple oxide is put to elevated temperature about 1000 degrees C or more for a long period of time, 
it causes the fall of OSC ability and has the problem that endurance is not enough. Therefore, the 
endurance under an elevated temperature is improved and this invention aims at offering the cerium- 
zirconium multiple oxide which has the stable OSC ability. 
[0007] 

[Means for Solving the Problem] The above-mentioned purpose is attained by the cenum-zircomum 
compound metallic oxide which it is a cerium-zirconium compound metallic oxide, and the number 
of sum total mols of Ce and Zr is at least 85% on the basis of the total number of metal mols in said 
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compound metallic material, and the mole ratios of Ce/Zr are 1 / 9 - 9/1, and is characterized by the 
isoelectric point of said compound metallic oxide exceeding 3.5. 

[0008] That is, this invention is a cerium-zirconium compound metallic oxide which has a specific 
presentation, and is a cerium-zirconium compound metallic oxide characterized by having the 
isoelectric point which divides and exceeds 3.5. 

[0009] This "isoelectric point" is a characteristic value measured based on the electrophoresis of the 
particle in a slurry, in the approach of specifying by this invention, the isoelectric point of Ce02 is 
2.4 and the isoelectric point of Zr02 is 4.0. That is, the cerium- zirconium compound metallic oxide 
of this invention is characterized by having the isoelectric point near Zr02, including the both sides 
of Ce02 and Zr02. 

[0010] As this isoelectric point, the cerium-zirconium compound metallic oxide of this invention has 
a value with the presentation of Ce02 and Zr02 notably higher than the cerium-zirconium 
compound metallic oxide of the equivalent conventional technique. Moreover, the endurance ability 
of the catalyst for exhaust gas purification which comes to support Pt to this cerium-zirconium 
compound metallic oxide is improved more notably than that of the conventional technique. 
[001 1] It is thought that especially such a condition is stabilized when the little element with which 
the particle from which the cerium-zirconium compound metallic oxide of this invention constitutes 
it presented a condition [ mainly like / Zr02 and the inside / drawing 1 which mainly consists of 
Ce02 ] whose outside is, and was chosen as Zr02 from the rare earth metal lives together from these 
things. That is, in another aspect of affairs, this invention is a cerium-zirconium compound metallic 
oxide, and is a cerium-zirconium compound metallic oxide which the number of sum total mols of 
Ce and Zr is at least 85%, uses Ce02 as a nucleus on the basis of the total number of metal mols in 
said compound metallic oxide, and is characterized by Zr02 existing in the surroundings of the 
nucleus. 

[0012] When Zr02 and Ce02 present such an existence gestalt, heat-resistant high Zr02 holds the 
gestalt of the particle of a cerium-zirconium compound metallic oxide, and that to which Ce02-Zr02 
of the border area of a Ce02 and/or the inside inside, and an inside outside is stabilized with time, 
and can demonstrate OSC ability by it is presumed. In addition, drawing 1 is an explanatory view 
strictly like a model, and does not limit this invention. 
[0013] 

[Embodiment of the Invention] This invention is a cerium-zirconium compound metallic oxide. On 
the basis of the total number of metal mols in said compound metallic oxide The number of sum total 
mols of Ce and Zr is at least 85%, and the mole ratios of Ce/Zr are 1 / 9 - 9/1 . And it is characterized 
by the isoelectric point of said compound metallic oxide exceeding 3.5, and more preferably, the 
mole ratios of said Ce/Zr are 3 / 7 - 7/3, and said isoelectric points are 3.8-5.0. In this invention, the 
"isoelectric point" is defined as the value measured by JIS R1638 with the stopwatch method which 
is one of the electrophoresis microscopic methods of a publication. 

[0014] Moreover, a "cerium-zirconium compound metallic oxide" is an oxide which can contain still 
more nearly another "metal" including Ce and Zr at least. Another "metal" can be broadly chosen as 
this pan from s-block metal, d-block metal, p-block metal, and f-block metal. Specifically Sodium 
(Na), a potassium (K), magnesium (Mg), calcium (calcium), Barium (Ba), strontium (Sr), a 
lanthanum (La), an yttrium (Y), A cerium (Ce), PURASEOJIUMU (Pr), neodymium (Nd), samarium 
(Sm), A europium (Eu), a gadolinium (Gd), titanium (Ti), tin (Sn), A zirconium (Zr), manganese 
(Mn), iron (Fe), cobalt (Co), They can be nickel (nickel), chromium (Cr), niobium (Nb), copper 
(Cu), vanadium (V), molybdenum (Mo), a tungsten (W), zinc (Zn), aluminum (aluminum), silicon 
(Si), a tantalum (Ta), etc. 

[0015] Preferably, the still more nearly another above-mentioned "metal" is at least one sort of rare 
earth metals, such as La, Y, Ce, Pr, Nd, Sm, Eu, and Gd, and is contained in the amount below 15 
mol % on the basis of the total number of metal mols in a cerium-zirconium compound metallic 
oxide. When "metals" is these rare earth metals, it is thought that especially Zr02 [ of a nucleus ] of 
the surroundings is stabilized. 

[0016] This cerium-zirconium compound metallic oxide can be obtained by drying and calcinating, 
after being manufactured using a ceria sol as a source of a cerium, mixing the metallic-compounds 
solution or sol of a ceria sol and a zirconium compound solution or a zirconia sol, and desirable still 
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more nearly another "metal" at a predetermined rate preferably and preparing suspension. 
[0017] Here, "sols", such as a "ceria sol" and a "zirconia sol", is colloid of the oxide of a liquid 
especially distributed in water, or a hydrate, the matter which calcinates and generates metallic 
oxides, such as Seria and a zirconia, is meant, and, specifically, the matter obtained by hydrolysis 
etc. carrying out alkoxides, such as a cerium or a zirconium, acetylacetonate, acetate, a nitrate, etc. in 
a solution is illustrated. Moreover, the water solution of oxy-zirconium-nitrate ZrO(N03) 2.2H20 
and zirconium chloride ZrC14 grade is illustrated by the "zirconium compound solution." 
[0018] The conditions heated in a 600-900-degree C atmospheric-air ambient atmosphere for several 
hours are suitable for baking. Thus, after presenting a grinding process with the obtained cerium- 
zirconium compound metallic oxide as occasion demands, noble metals, such as platinum, 
palladium, and a rhodium, can be supported and the catalyst for exhaust gas purification can be 
prepared. Even if this catalyst for exhaust gas purification is put to the temperature of about 1000 
degrees C, it can demonstrate the stable high exhaust gas purification engine performance, without 
OSC ability deteriorating intentionally. Hereafter, an example explains this invention more 
concretely. 
[0019] 

[Example] The solution which made lOOg ion exchange water dissolve the oxy-zirconium nitrate of 
41.16 g and a 6.48g nitric-acid yttrium in the ceria sol (15 mass %, the Taki Chemical make, knee 
DORARU U-15 as Ce02) of a 1193.33 g example was added and stirred, and uniform suspension 
was created. 

After presenting heating of 120 degree-Cx 24 hours with this suspension and evaporating water, 
baking of 700 degree-Cx 5 hours was presented, and the cerium-zirconium compound metallic oxide 
of following this invention of presentation (mass ratio):Ce02/Zr02/Y203=58/38/4 was obtained. 
[0020] Subsequently, 300g ion exchange water was made to distribute 50g of this multiple oxide, the 
slurry was created, 1 1 .36g (Pt concentration 4.4 mass %) of water solutions of a dinitrodiammine 
platinum complex was added to this slurry, and it stirred for 2 hours. Subsequently, after presenting 
heating of 120 degree-Cx 24 hours with this slurry and evaporating water, baking of 500 degree-Cx 
2 hours was presented, and the catalyst for exhaust gas purification of this invention which supported 
Pt of 1 mass % to the cerium-zirconium content multiple oxide of this invention was acquired. 
[0021] 95g added, the solution which made 50g ion exchange water dissolve a 6.48g nitric-acid 
yttrium in the above-mentioned ceria sol of a 2193.33 g example, and the zirconia sol (20 mass %, 
the product made from the first rare element chemical industry, zirconia (HA) as Zr02) were stirred, 
and uniform suspension was created. 

[0022] Subsequently, like the example 1 , after evaporating water from this suspension, baking of 700 
degree-Cx 5 hours was presented, and the cerium-zirconium compound metallic oxide of following 
this invention of presentation (mass ratio):Ce02/Zr02/Y203=58/38/4 was obtained. Subsequently, 
like the example 1 , Pt of 1 mass % was supported to this multiple oxide using the dinitrodiammine 
platinum complex, and the catalyst for exhaust gas purification of this invention was acquired. 
[0023] 154.5g addition was carried out, the solution which made 50g ion exchange water dissolve a 
6.48g nitric-acid yttrium in the above-mentioned ceria sol of a 3 1 93.33 g example, and the zirconia 
sol (12.5 mass %, the first rare element chemical industry, the zirconia (AC) 7 as Zr02) were stirred, 
and uniform suspension was created. 

[0024] Subsequently, like the example 1, after evaporating water from this suspension, baking of 700 
degree-Cx 5 hours was presented, and the cerium-zirconium compound metallic oxide of following 
this invention of presentation (mass ratio):Ce02/Zr02/Y203=58/38/4 was obtained. Subsequently, 
like the example 1 , Pt of 1 mass % was supported to this multiple oxide using the dinitrodiammine 
platinum complex, and the catalyst for exhaust gas purification of this invention was acquired. 
[0025] To the above-mentioned ceria sol of a 4193.33 g example, the oxy-zirconium nitrate of 34.66 
g, the 3.99g lanthanum nitrate, and the solution that dissolved 8.94g nitric-acid PURASEOJIUMU 
were added and stirred to 300g ion exchange water, and uniform suspension was created. 
[0026] Subsequently, like the example 1, after evaporating water from suspension, baking of 700 
degree-Cx 5 hours was presented, and the cerium-zirconium compound metallic oxide of following 
this invention of presentation (mass ratio):Ce02/Zr02/La203/Pr601 1=58/32/3/7 was obtained. 
Subsequently, like the example 1 , Pt of 1 mass % was supported to this multiple oxide using the 
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dinitrodiammine platinum complex, and the catalyst for exhaust gas purification of this invention 
was acquired. 

[0027] The solution made to dissolve a 73.165g cerium nitrate, a 41 .16g oxy-zirconium nitrate, and a 
6.48g nitric-acid yttrium in ion exchange water of 1500g of examples of a comparison was created. 
Subsequently, aqueous ammonia with a concentration of one mol [/l. ] was dropped at this solution, 
pH was adjusted to about 9, and precipitate was produced according to coprecipitation. 
[0028] Subsequently, after evaporating water from the solution containing this precipitate like an 
example 1, baking of 700 degree-Cx 5 hours was presented, and the cerium-zirconium compound 
metallic oxide of the following example of a comparison of presentation (mass 
ratio):Ce02/Zr02/Y203=58/38/4 was obtained. Subsequently, like the example 1, Pt of 1 mass % 
was supported to this multiple oxide using the dinitrodiammine platinum complex, and the catalyst 
for exhaust gas purification of the example of a comparison was acquired. 

[0029] The solution made to dissolve a 73.17g cerium nitrate, a 34.66g oxy-zirconium nitrate, a 
3.99g lanthanum nitrate, and 8.94g nitric-acid PURASEOJIUMU in ion exchange water of 2500g of 
examples of a comparison was prepared. Subsequently, after producing precipitate from this solution 
according to coprecipitation and evaporating water like the example 1 of a comparison, baking of 
700 degree-Cx 5 hours was presented, and the cerium-zirconium compound metallic oxide of the 
following example of a comparison of presentation (mass 

ratio) :Ce02/Zr02/La203/Pr601 1-58/32/3/7 was obtained. Subsequently, like the example 1, Pt of 1 
mass % was supported to this multiple oxide using the dinitrodiammine platinum complex, and the 
catalyst for exhaust gas purification of the example of a comparison was acquired. 
[0030] Ion exchange water of 3500g of examples of a comparison was made to distribute 29g cerium 
oxide powder, subsequently to 200g ion exchange water the solution in which the 41.16g oxy- 
zirconium nitrate and the 6.48g nitric-acid yttrium were dissolved was added and stirred, and the 
slurry was prepared. Subsequently, aqueous ammonia was dropped at this slurry like the example 1 
of a comparison, pH was adjusted to about 9, and the precipitate containing a zirconium and an 
yttrium was produced. 

[0031] Subsequently, after evaporating water, baking of 700 degree-Cx 5 hours was presented, and 
the cerium-zirconium compound metallic oxide of the following example of a comparison of 
presentation (mass ratio):Ce02/Zr02/Y203=58/38/4 was obtained. Subsequently, like the example 1 
of a comparison, Pt of 1 mass % was supported to this multiple oxide using the dinitrodiammine 
platinum complex, and the catalyst for exhaust gas purification of the example of a comparison was 
acquired. 

[0032] - About each cerium-zirconium compound metallic oxide of the measurement-examples 1-4 
of the isoelectric point, and the examples 1-3 of a comparison, the isoelectric point was measured 
according to the stopwatch method which is one of the electric ****** fine mirror methods of a 
publication to JIS R1638. This result is collectively shown in Table 1 . Moreover, the relation of the 
pH and F-potential which were measured in order to ask drawin g^ for the isoelectric point in the 
above-mentioned measuring method about the cerium-zirconium compound metallic oxide of an 
example 1 and the example 1 of a comparison and Ce02 powder, and Zr02 powder is shown. 
[0033] It turns out that there is a difference clear to the isoelectric point of the cerium-zirconium 
compound metallic oxide of an example and the example of a comparison from these results, an 
example shows the isoelectric point near Zr02 powder, and the isoelectric point near Ce02 powder 
is shown in the example of a comparison, however, in examples 1-3, the examples 1 and 3 of a 
comparison and an example 4, and the example 2 of a comparison Since the presentation of a 
cerium-zirconium compound metallic oxide is equivalent, these differences It is judged as the thing 
originating in a Ce02 and Zr02 existence gestalt, and in the example, since Zr02 exists in the 
surroundings of it by using Ce02 as a nucleus as shown in drawing 1 , it is thought that the 
isoelectric point near Zr02 powder is shown. 

<TXF FR=0002 HE=095 WI=080 LX=1 100 LY=0300> [0034] - Each catalyst for exhaust gas 
purification of the catalyst performance-evaluation-examples 1-4 and the examples 1-3 of a 
comparison was compressed and cracked, and the catalyst engine performance was evaluated about 
2.0g each made into the pellet with a diameter of about 2mm. In order to grasp the amelioration 
effectiveness of endurance, after presenting durable processing of 1000 degree-Cx 3 hours with each 
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catalyst for exhaust gas purification, the catalyst engine performance was evaluated. 

[0035] Evaluation conditions measured C3H6(HC) and the rate of purification of each component of 

NO and CO, considering as the conditions from which the rich gas/lean gas of the presentation 

shown in Table 1 change for every minute, and carrying out the temperature up of whenever 

[ catalyst floor temperature ] to 400 degrees C the rate for 1 0-degree-C/so that the difference in OSC 

ability may appear in a result. The catalyst engine performance made the index temperature by which 

these components are purified 50%. This result is collectively shown in Table 2. 

[0036] 

[Effect of the Invention] The endurance under an elevated temperature is improved and the cerium- 
zirconium multiple oxide which has the stable OSC ability can be offered. 
[0037] 
[Table 11 
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[0038] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the model Fig. of the cerium-zirconium compound metallic oxide of this invention. 
[Drawing 2] It is the graph which shows the relation between pH in measurement of the isoelectric 
point, and F-potential. 
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DRAWINGS 
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[IS*3»3] ^±$Hfelal<Ce £<£<)&. BlJatS^S 

stm*©^&i^.'i<&£gsgic, i 5^.'L-%*aar^ 

tfIg*JS i Xi* £ ccSSwi©-fe 'J 0 A-«>jUrs ~ 0 A&S 

(C. CeiZr <Z)£S1"t*|b*:!>tt <it8 5 %C*> 
ft*. 

[ 5 ] fflfiCeO, ©8 * 5 - 2 0 n mflOfiS 
&S1**S«*14(CiB$S®*i 'J 9 A-S'jUs — A«ga 

[lS*g6 ] 1 -5ci,^n^ i maz&D* 

•J -5 A-s>* a - -5 Al¥6£J3IHfcaiK3£K3!tfBi*S 

[I3#jp7 ] -te 'J TV*. JSi^sif Mt&itofe 

tag • *air sci i x«*4 <cs2*s 

©b I* v A-y.is; 1 ? Ais^BigHtSfc©^'^. 

[ 0 0 0 I ] 

i&mo>m?zmm&&] %mnt. too 

■b'.t -5 a -^jU =2 - -5 Aig-fefegBfibfatcgg-r 
[ 0 0 0 2 ] 

[ IS *<Z>«fS J gfibS^x > ^©ftigtafiB* bW & 

ceo;-. .^ft*^(HC)35#;*sn&#, cne©w# 

C04HC.5-g?ft-5"-£>4filB*K, NO^OztC 

A>-5H7C^t*. — fl£tc. afe(Pt) .'??i>-7A(P 
d ), Dl-* A (R h )^W^&R©«fe«.^S: r -7 A 5 

[ 0 0 0 3] fcHSBi^Kl *}<, ''CCOiHCWK 

It. ^o'NO«<WgS^*ffJ«:jSlT^4ft:e?>tcUi. 

^©&t,'#H<£.&£c4# : £:'g-c.fc-&. t,*n-. ^stc 



(2> ttflB2003-277060 

2 

d^SSO, ^£©&1'^S'&*M-1*C4j!«SC Dif 
Z>. 

I 0 0 0 4 ] C C T. t'J'JA-y.'la^ AiS-^^ft 
®)« . C e 3 AS 4 4 fI©€E&5:<t l> 

tl-T. O i £fcb33f}'}£'<;gtfKfb1± 
#@SttTii. C e WWZ. 1B*»fb 4 (atcflststgtft^o 

TiSSsSrSifcO. COtHC^b?2W:*<^tfs5cii^: 
HSv'Cli . C e M^A* 4 *5> 3 ffitc IB&SIf t£ 4 1> T 
gS^BifSU'-S 41 ISSi&SiS5(OSC)££*-$- 
10 &C4**-C*£. Ofe#7'C, feyUA-I.^Uai'SA 

mSMfZ-mt* <fc 0 Mir S * C i A^C * -£><, 

[ 0 0 0 5] C ftK!jJ0X.*C .-by-? A-»>A 3- f AtS 
^iST{ b«5©^«iRKl# -> -C , frv r> ©«^*4£t C i, tc 

-tr y «5 A-^.'U a A5g^K<t1SiS , PSv^xiSftffi 
^i*©Av^<Lbrg^$ffC^-&. jM»6*'J-?A- 
20 S^)t^»©'5fe?TiRi«<i: L-Tit, ^M^l 

0-194 74 2^18. 1*^6 -279 027^ 

r o o o 6 ] 

'J * C. Ag-^SIfctet*. — flSK . 25 1 0 0 

0 -CW±©?5StegaSBailSi¥n*> i . O S C«k-©f£T«: 

[ 0 0 0 7 ) 

ipstje^rsfe*©*^] UB©awit. a 
= ^ A^^Rtaibito-c*-? -c, Biiieis-sfeR 

W9*©^&6l*-'l'fe^S!gic, CeiZr ©Sit* A 
< 4 i> 8 5 >3 . C e / Z r ©* *tbS« 1 

/9 -9 / 1 -0*0 . i>^mmii£m3i\t®>o:-mm£. 

ifiZ .5£±@&C:iS:iw&<fr*-fey 

[ o o o 8 ] bp*>. ^«©«a.««:wr s-b y 

40 ^A-^As-CAtg^SKftlSr-fe^C. 4 0t> 

I o 0 0 9] c© r?g^ j i*. y ?>©ti[^©§ 

$m?t>*mctel>X. CeO, ©??&=(* 2 .4 

0. Z rO^S^i^ .0-C*.*. Hlfe, -<f:^?S©b 

•J'5A-s>A2iOAtS'&&BB£ft!fiisii, CeO.iZr 

50 ( 0 0 1 0 ] ^^-2>^Ss§4 l/T . *S^©b •? A- 
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.^l3^©ffit*K(«<7>fe y Aisir^g 
SSffclS.tOfcSlgtiHWgfcWT!-*. Sfc, *»**fe'J 

at#^' x?«tffif&&©M xtefeii. t£fetxft-©-e*i.* 

[0 0 1!] CftiS©C4^S>, ~^m<Oiz >J A-t-> 

?Hi)^i o-c z ■■ O,, rtWIiV^A l.-CCeO,*&ft 
SigiWJ^.tcftSS&Mb. c 0 Ofctia&i. ZrO> 

t$ic&mt$ ft* t>e>t **.*>nz>. BP*, #ft« 

SflUC . CeiZrC A»*y>tf < 4 1> 8 5 
%C*0, CeO^KiO, *©#©H9«:2 rO,** 
i?£ET •£> C 4 =£<t*i& if^-feU 1 ? A-i> JU5 ^ <5 A«g£ 

[0012] Z r 0,iC e O.JWCCOA^ttWBEJBaSft 
a-T h c 4 (c J: «5 , a^tteoSl >2rO,^^ A-i> 

tc^tr, rt«l©c e o, , jao'/xi3:rt<M4?f«i©s 

f?i£iis£©C eO,-2 .•0>A^«lWlc£lEb-tOSCfi& 
•Srftjif 4C4#-C*&fc©44flE;?ft&, > ft*S. mi 

[0013] 

[ a w©**6©H5* ] isftssi*. -fe y ■? A-fjt = - 

Ce4Z r«>dtt j eJl'ttas4>&< 
4t>8596tMa9. Ce/Zr©*W!/9-9/ 

i c* o , &^mm%iz&mm\t®cQ3?n.<=?.tt 3 . 5 £ 

_k[a.&C 4£*5iS:4(.., <*:<5'5?£ (./<«*, JwlECe/2 
8-5.0C&-6. *S^tCfe(,>C, r^s^j 4ii. 

j 1 s*imsr 16 3 8 Ktesfr<omm*m>ft&f£<o 1 

[0 0 14] r-fey^A-J-SJUa^ASg^rSR 
K<M3j 4t;£. :J'fe<ii>CeiZr?:^. 
ft Tfipj ?:St?Ci^-C*iBfbla-C-*i. C©S*5> 

^7 y *5 a (K> . <M«> . ^/li'^A 

(Ca> , -'<y?A (Ba), Al-u>*$A <S 
r> . (La) . ^ MJ-?a (Y) -iz >) <? 

A (Ce > . ^fe=K"!?A (P ■• > . **5>A <N 
d ) . If"? >J A ( S m ) . O tf?A < E u ) , *7 
Kl»;-)A (Gd) . ?•*> (T 1 > . £8 <Srt> . S> 
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4 

A3f?A(Zf) . ^>*-> (Mn > . g(Fe) , 
=2,<*h (Co) . <N 1 > . >OA (C 

.• ) . < N b > , » <C u > . ;<-r%><?u 

(V) . *'J?f> (Mo) , *>W> (W) , ffi 
i6'(2«>.7*<- l >A(AI). i'-Tg <S i ) R 
Vt'^tfr (Ta) ^T*4£i3!>vc*«, 0 

[ 0 0 1 5 ] sit £ L, < it. ±.iZO>£ 6<CBlJw \&m J 
ii. La. Y. Ce, Pr. Nd, Sm. Eu. Gd? 
©»±8&©©;l-'«t <iiiar'«,D. fe 'J ■? A-** 
10 3~?Afe^feireaibt^©^^*Aia£g!gK: 1 1 

5*A-**2£©£T1*S*i-&. Tfegj AiCft*>«D*± 

®*g©ig-& g©a«©z r o^sstcSiEibsn* 
«,©<t^A(>ft*. 

[0016] -fey? A-S^U = ^0 AtS^JBK 

S.ffiigS:SSML.^S. • 4 C 4 CC J: , Ci?S 

20 Ci*t?4. 

[ o 0 17] ctt, r-fe vjuj . ryjin^r v 
e^ici*. fe 'J ^ o A5?©r ju = + ^ r. 

Tfe?.'UTfeh+ SWf*£, m»S»«:i6«E«t' , CSn* 

0<NO,) t • 2H,0. atk«>A3ii»iZ rC ! ,5?© 

[0018] ^G£lt, 600-90 ()'C©^% 

^B.s^rfe^patti^^^^Wc^&o c©ct l> 

o^-ji^S^^Sht, «fgv^'x?nbffi^ 
it. i o o o *cit>sjs;k Bs^n-cfcosc tfe» s wstc 

40 fi^<<:gS9-3-«>. 
[0019] 

[PMSi] msp(! 

! 9 3 . 3 3 t'©fe l» 7 V.'l- (C eOzil-'Cl 5 S3 

^*)b^SS. I vflV - l 5 >te. l 0 0 tr© 
-i^^5Sia*K:4 1.16 ^©^^i'S^K^^^i^A 
4 6.48 g©sse-f ^ y fAtSiKs^ftiiSfetss 

C©E«53$«: 1 2 0 'CX 2 4BSiSi©iaSKC«l..-C'K*S 
^5 iZfc fk, 7 0 0 -C x 5 B*ta©.^6£<C^ , Tt2©SS 
50 <MSft> : 
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CeO,/Z rOyr.O., = 58/38/4 

fe. 

[ 0 0 2 0 ] vW'TT-, C©lS^K(fc1S®5 0 tr * 3 0 0 

iftS4.4«S«>*l !.36«i|]iT2e»m- 
fc. LXtr'-C. C 7'J-l!2 0 *C x 2 4 H#PS«*B^ 
(C{*Or*S:S^$i±A:a. 5 (j 0 - C x 2 mfgKOm&U: 
<*U . *|fe^©-fe 'J A-i'.'UP - C A^UBNrSMtta 

[0 0 2 ! ] mM2 

1 9 3.3 3 t'CLklaOQ* >)TVMC. 5 0 
.vJM<lC6 .4 8 trCifiSU >• H yfAtSWSHifea 
$i . i'.'U a;? V Jl* (2 r O, tU CZ 0 IS54 . ST— 

[ o 022] vX'.'-c, .Steffi i iinin^or, c«.s 

?S*.6*«:3ES3-t*fcffi. 7 0 0 'Cx SBSlSKC-jesfcCCfii 
0. TiB©JflsE<WStb) ; C e 0 ; /2 0,/Y.O, = 
5 8/38/4 ®-*#£»S<E'-iz 'J -5 A--L>;U=J - 0 M'ig.£ 

&mmtfazmtc. ;xi'-c. iisiisuco-c. ^ 
wh©p t emu *i^^s#*iHUHiJtt* 

[00231 mte&3 

1 9 3.3 3 dO>±SB(0-b 'Jrv'AK, 5 0 g©^*> 
Sfc'ktce .4 8 t'OOSSK-f -j h '.' 0 ^miSHtc® 
?fe £ . i>A=i7 VOU (2 r O, i UC 1 2 . 5 IS% . 
S-SSJMt^IfS, i^3i?AC7;.S 1 5 4 .5 tr 

[0024] iXof, &i&m ±mi£U:UX. C<Of§M 

m-hM&T&mttzVi. 7 o o *cx $mio>mi&K.& 

CeO,/Z r0 1 /Y 1 0.. = 5 8/3 8/4 
C?$^C>-fe 'J ■Ji-i>.'l.3i , 5 A5g-&ftSB«ft1!9'5:f« 

fc, SSisfli £i=j«*K(.,-c. ^ho^r>5 

}H«U *#6?S^gm^'^SftS^?:^fe. 
[0025] *5Sfl4 

1 9 3.3 3 6-©JbiZ®-b »J TvOUC, 3 0 0 t'O-Y* 
>£ft*IC3 4 .6 6 gW* + t'ffiKt>.'l'3iCi. 3 . 
9 9 s <DWm"y > ? >, Rtf 8 . 9 4 e WiUKV 7 -t * 

fceffiSOfc. 

[ 0 0 2 6] -X^X\ KSBP"! ! iisltltcor . 
t>*ZWM$l£tcik, 7 0 0T:x5i*«««&8K:iftU 

CeO,/Z rO,/La 2 O i /Pr.O,, = 5 8/3 2 
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5 

/3/7 

fe. -,xi>t\ *b^i iisjfStcor. ^i-d^7>5 
>S3fe^<fc&ffi<,>rc<^&£&fb4W£ lgs^oop t 

[0027] i±f.*fl 1 

5 0 0 (t<D-i Jr'^PMfrlc 7 3.165 ffODSBS-fe U •? 
A. 4 1.16 tr»**->£§©i>.>t<=2-3A. ao'6.4 

io 3w,»-c. cwssatc^i •^.'L'/y ? h.'K^>r>*^r 

[0 02 8] Si'C, ^SfiPfll inailKUT. C©*tR 
®i?:a£rg?ftj>^6*«:«^31ifca. 7 0 0 *Cx &b#ih 
©JSS&C&U T!a©*Ss£<¥f£tb> -. 
CeO,/Z rO,/Y.O, = 5 8/38/4 

ommo* y -i. -^i- = - ^sg^gssf b^&is 

20 ffli*U tfc^PllCg^^'^^ft^ftT®*®^. 

[0 02 9 3 tt$>HN2 

5 0 0 ETW-f 4->£SbktC 7 3.17 eWtBK-fe 'J -5 
A. 3 4.6 6 t'Wt->®i ; * = 'fA. 3.9 9 tr 
oyt>SI*7'>£>. M8.9 4 gCC'iiK^^'fe^^'jA 

CeO,/Z rOj/La.O./P .■ l O,, = 5 8/3£ 
30 /3/7 

o»mm>* y a -v-.'u = - ^a«&EiKit«)6f9 
ami,. itmi<msi**?.mimimzmi. 

[0030] 

5 o o fO^+>.5?.ja*<' 2 9 ?©Kftt y vutmz 

»S451±. iX<,> C. 2 0 0 gO-f *>Kia*(C4 1 . 1 

6 g * MSKS>A 3->>Ai6.48sr A ■? 
t L» -5 A «r 5 i± fcjgig iifiJD fiS# U ^v'J- 

40 «riai?t.fc. ^»T. ccr;.^v y-fC tb»S£N 1 iSIS 

»3i>5Ai^ ^ y>A«:atf5S:KiBjt*i;3i4 
fc. 

[003 1 ] iX^f. ^sE^S-tift:^. 7 0 O'Cx 5 

CeO,/Z r0 1 /Y 1 0 J =5 8/3 8/4 
<Dit,im<D* y A-t>.'U A«S**BIBf(t«»*» 

fc. jjct - r-, tb*5«f< i i pate or. ^hp^7>? 

50 ffiU, Jrt«iPlCC-9ta^'^»(b^ftSStt:J#fc. 
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[0032] -mnm<omm- 

AtS££Jj3g*{fciatc-?t^C. J i SfSJSR 1 6 3 8K12 
w©^5kiS§Bg?SlS<7> 1 -?r-.fc£* h V -5 * •> *ji 

TSxT. Sfe. 02 tc, ttbliStf* l©-fe'.» OA 

.U a i Ajg^-fililKftfe. BitfC e O , ft* <L 2 r 

[ 0 0 3 3] cn%©^S*%, gteffl Att-KWiJ-fe U 

idi^S. U^SCC, H?&fi* 1 -3 ifb*z« 1 Vt.O' 
3. 5ltefl4 Atfc*30i2 CiS:, t^A-^aiOA 

it. CeO.iZ r 0,<W?3fi?!8itC&*T-£>t>CC'AfiJgft 
Sft. JBMfrCiSt, @ !fc^J:^K. CeO.&tSi 



* [0 03 4] -utmmmm- 

KSSFU 1 ~ 4 itt&fi* 1 - 3<J>§8Bsi#X&f mfto&>& 
EiSi • JSH*l,"C. iSSJv2 nun^t- v K icutc&2 . 

«:tei!?&fc*!>. Sgta^^fb^BiSSS: 1 0 0 0'CX 

I o 0 3 5] iriffl&fti*:. o s cmco^m^mmtcmn 

Z>£5lC, si 1 KjSTfflSMt>y ? *3tfX/'J->^X^ 
! f»gtcfcj0 gto&S&it A U 1 0 *C/» 

10 <!>iigT4 0 0*C*-C#JgSHiwA4*>C.H,.;HC). N 

$asi**2ic*ta>rs-r. 

[0036] 

O S CfeSrWT -5 -fe M ■? U-VA, X =- 0 Aft &Kffcfe£ 
tt(ftT&C A 
[ 0 0 3 7] 
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AE05 

40069 AA03 MOS BA05A. BA95B 
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BC44A BC44B CA03 CA09 
EC27 FA01 Fe<?6 FB30 FE57 
FCOS 
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